Diabetes mellitus is a chronic disease defined as a state of hyperglycaemia in fasting or postprandial states. Patients with type 2 diabetes mellitus (T2DM) often show reduced physical function, including low levels of strength, balance or mobility. In this regard, the timed up and go (TUG) is a widely used physical fitness test in people with T2DM. However, there is a lack of studies evaluating the properties TUG in this population. The present study aimed to evaluate the test-retest reliability of kinetic and kinematic parameters obtained from TUG in the diabetic population with different levels of diabetic neuropathy. A total of 56 patients with T2DM participated in the study. They were divided into three groups according to the vibration threshold: (a) severe neuropathy, (b) moderate neuropathy and (c) normal perception. The TUG was performed using two force platforms to assess kinematic measurements. The results show that both kinetic and kinematic variables had good to excellent reliability. The reliability of TUG was excellent for the whole sample and the groups with non-severe neuropathy. However, it was just good for the group with severe neuropathy.
Introduction
Diabetes mellitus (DM) is a chronic disease defined as a state of hyperglycaemia in fasting or postprandial states [1] . DM is one of the largest global public health problems and affects approximately 415 million people in the world among adults aged 20-79 years-old. It is estimated that, in the year 2040, there will be 642 million persons (confidence interval 521-829 million) with DM in the world [2] . The International Diabetes Federation also estimates that, globally, 46.5% of people suffering from diabetes were still undiagnosed in 2015, which may markedly increase the reported prevalence. According with the American Diabetes Association (ADA), the total costs for diabetes care in the United States were approximately 245 billion dollars due to medical costs, lost productivity and disability [3] . Much of the burden of this disease comes from vascular complications, which include cardiovascular disease, retinopathy and nephropathy. Another complication is diabetic peripheral neuropathy, affecting more than 50% of long-term diabetic cases [4] . Diabetic neuropathy is characterised by progressive degeneration that primarily affects small-diameter cutaneous nociceptive fibres [5] . It may also affect motor fibres, which can cause muscular weakness. In this regard, persons with DM have a reduction of 17% and 14% in the strength of the flexor and extensor muscles of the knee, respectively [6] . Somatosensory feedback is a relevant factor to maintain balance and there is strong evidence showing that diabetic neuropathy affects this source of information, leading to alterations in postural and gait performance [7] . In this regard, previous studies have demonstrated that the main sources of deterioration in the balance in persons with type 2 DM (T2DM) are deficits in the proprioception of the foot and the ankle [8] , or a loss of sensitivity in the feet [9] .
The neurologic exam of the lower limb is the most important aspect in the clinical diagnosis of diabetic neuropathy [10] . The loss of foot vibration perception is associated with an increased risk of foot ulceration in people with diabetes [11] . In this regard, Abbott et al. [12] showed that each one-unit increment in the foot vibration threshold increases the risk of foot ulceration by more than 5% in a single year period. Therefore, the foot vibration threshold is a very relevant variable in the diabetic population.
Previous studies have demonstrated a relationship between the foot vibration threshold and the risk of falling [13] , gait speed [14] and mobility disability [15] . Although balance and mobility tests are of great interest in DM studies due to the association with the risk of falling and the ability to perform activities of daily living, a recent systematic review showed that there is a lack of studies evaluating the properties of these tests when they are conducted in the diabetic population [16] .
Therefore, the main objective of this study was to evaluate the test-retest reliability of the kinetic and kinematic parameters obtained from one of the most widely used tests for assessing balance and mobility, the timed up and go (TUG), in people suffering from T2DM. The second objective was to calculate the reliability of TUG according to the severity of peripheral neuropathy (assessed through an evaluation of the foot vibration threshold).
Materials and Methods

Participants
A total of 56 patients with DM participated in the study. Of these, 40 were men and 16 were women. The following inclusion criteria were: (a) diagnosed with T2DM, (b) affected by at least one risk factor of diabetic neuropathy: (1) being overweight, (2) a former smoker, (3) diagnosed with diabetic nephropathy and (4) diagnosed with diabetic retinopathy, (c) levels of glycated haemoglobin higher than 5.7%, and (d) have read and signed the written informed consent. In addition to these inclusion criteria, some exclusion criteria were defined: (a) pregnancy, (b) the use of psychotropic or chemotherapeutic medications, (c) affected by other diseases that may influence balance and gait, such as Parkinson's disease, and (d) patients with a high risk of non-diabetic neuropathy (HIV or uraemia). The protocol of the present study was approved by the Committee of Bioethics of the University and was developed in accordance with the updated Helsinki Declaration and the national legislation on bioethics, biomedical research and personal data confidentiality.
Procedure
After reading and signing the written informed consent, participants were measured and weighed. They were also asked about their age and years since diagnosis. Then, the vibration threshold was evaluated and, finally, the TUG was conducted after a light warm-up.
The foot vibration threshold was assessed using a Biothensiometer Vibratron II (Physitemp Instruments, Inc. Clifton; New Jersey; USA). This device drives vibration to modules A and B placed under the feet of the participant. Each module has a vibrating pole on the top, which vibrates at a frequency of 120 Hz. Therefore, the vibration threshold is determined by modifying the amplitude. These vibration units are related to the amplitude of the movement in microns according to the formula: A = x 2 /2 (where x is the vibration units (vu) and A is the amplitude in microns (µm)). The present study used the protocol the 'force two alternative choices procedure', which is one of the two methods suggested by the manufacturer. Participants were asked to place their first toe on the vibrating pole. The procedure started when the participant felt the vibration in the left or right toe. After that, the amplitude was reduced progressively until the participant was not able to tell which pole was vibrating. When the participant failed to detect vibration, the amplitude of the vibration was increased. The vibration threshold was then calculated using the last five rights and wrongs, but omitting the extreme low and high values. The average of the remaining eight values was then computed to calculate the vibration threshold [17] .
TUG was performed three times, with a 5-min rest in between. The first repetition was for familiarisation, the second was the test measure and the third was the retest measure. All participants performed a light warm-up which included walking and joint mobility for 5 min. In the TUG, two force platforms (Kistler, NY, USA) were placed between the chair and the mark where participants had to turn around. Therefore, participants stepped on the platforms before and after reaching the mark placed at 3 m. The time required to complete the full test was assessed manually with a stopwatch by an expert rater.
Variables obtained from the force platforms included the duration of (a) the double support phase (both feet on the platforms), (b) left support (only the left foot on the platforms) and (c) right support (only the right foot on the platforms), as well as the left and right peak forces from the forefoot and the heel.
The results are presented for the whole sample (n = 56), and also according to the degree of neuropathy based on vibration perception, i.e., severe neuropathy (n = 22), moderate neuropathy (n = 22) and normal perception (n = 12). To classify patients into one of the three groups, the cut-off points suggested by normative values of the manual of the measuring device were considered.
Statistical Analysis
Descriptive statistics included mean and standard deviation (SD) of age, weight, glycated haemoglobin, years since T2DM diagnosis, body mass index and vibration threshold were calculated for the whole sample and divided into women or men. Parametric and non-parametric tests were conducted based on the results of Shapiro-Wilk and Kolmogorov-Smirnov tests.
Differences between test and retest were evaluated using the paired samples t-test or Wilcoxon signed rank test when appropriate. The time spent to complete the TUG, the duration of phases and the forces registered by the force platforms were included in those analyses to compare the test and retest results.
Reliability analyses were conducted in accordance with the recommendations of Weir [18] . An intraclass correlation coefficient (ICC) of 3.1 (two-way mixed, single measures) with a 95% CI for test and retest [19] was selected. Both absolute and relative reliability were computed. The standard error of measurement (SEM) was calculated as SEM = SD √ 1 − ICC where SD is the mean SD of the three repetitions, while the smallest real difference (SRD) was SRD = 1.96 × SEM × √ 2. These measures were converted into percentages (%SEM and %SRD, respectively) to enable comparisons with other investigations. Table 1 summarises the participant characteristics. A total of 40 men and 16 women aged 64.52 (8.41) and 67.43 (8.86), respectively, participated in the present study. The mean weight of the whole sample was 80.08 (17.59) kg and the body mass index (BMI) was 28.81 (4.40) kg/m 2 . The mean vibration threshold was 4.27 (1.90) for women and 5.75 (2.50) for men. Table 2 summarises the mean duration of the walking phases in the TUG. The results from the paired samples t-test or Wilcoxon signed rank test showed that there were significant differences between the test and retest values in some of the variables, including the time required to complete the TUG and the duration of the left support before reaching the mark for the whole sample. These differences were also observed in the group with severe neuropathy. Reliability parameters for the total time required to complete the TUG and duration of phases can be observed in Table 3 . The ICC was good (0.70 to 0.90) or excellent (>0.90) for almost every variable and group. The best reliability was obtained for the time required to complete the TUG, which was excellent in the two groups with non-severe neuropathy, while it was just good in the group with severe neuropathy. 
Results
Participant Characteristics
Kinematic Variables of the Timed Up and Go
Peak Forces from the Heel and the Forefoot in the Timed Up and Go
Regarding the peak forces from the heel and the forefoot, differences between test and retest were only observed for the right heel and left forefoot forces in the group without neuropathy. For the rest of the variables, the retest was not significantly different than the test (see Table 4 ). Table 4 . Differences between the test and retest on the peak forces from the heel and the forefoot forces in the entire sample and in participants with (a) severe neuropathy, (b) moderate neuropathy and (c) normal perception. Table 5 summarises the reliability analyses of the kinetic variables for the whole sample and according to the neuropathy classification. Reliability was excellent (ICC > 0.90) in almost every variable and group, except for the left forefoot forces after reaching the mark in the group with normal vibration perception. Table 5 . Test-retest analyses on the peak forces from the heel and the forefoot forces in the entire sample and in participants with (a) severe neuropathy, (b) moderate neuropathy and (c) normal perception.
Test Measurement in Newtons ICC (95% CI) SEM (N) SEM (%) SRD (N) SRD (%)
GENERAL (n = 56)
Right forefoot forces (before reaching the mark) 0. 
Discussion
The present study aimed to evaluate the test-retest reliability of kinetic and kinematic parameters obtained from TUG in the diabetic population. The results were analysed according to the severity of neuropathy. The main finding was that almost each variable achieved good (ICC between 0.70 and 0.90) or excellent (>0.90) reliability considering the classification by Munro et al. [20] .
The reliability of TUG seemed to be conditioned by the severity of neuropathy since the ICC was higher than 0.90 (excellent) for participants with moderate neuropathy and patients with normal foot vibration perception, but just good (0.70 to 0.90) for patients with severe neuropathy. Therefore, although the TUG is reliable in T2DM patients, changes in the duration of the phases (single and double support) must be taken with caution since the %SEM may be relatively high in some cases (over 10%). Furthermore, we can observe how the SRD of the required time to complete the TUG was higher in patients with severe neuropathy. These results must be considered by clinicians and researchers in order to interpret their results when using TUG in the T2DM population. This is relevant since a previous study showed that patients with diabetic neuropathy have worse health-related quality of life and lower functional status than patients without diabetic neuropathy [21] . Neuropathy leads to balance impairments [22] , gait and mobility alterations [23, 24] and an increased risk of falls [25] . In addition, patients with T2DM seem to be more susceptible to falls and consequently to bone fractures [26] [27] [28] . Due to the relevance of diabetic neuropathy in patients with T2DM, future studies aimed at improving physical conditioning variables should consider that the smallest clinically relevant improvement may be higher in T2DM patients with this complication.
To our knowledge, this is the first study to assess the reliability of TUG according to the severity of neuropathy. Only one previous study has evaluated the reliability of TUG in the diabetic population [29] . That study was conducted on a sample of 18 older adults with T2DM, and no classification of the participants was performed. Furthermore, that study only evaluated the time needed to complete the TUG and not any other measure such as the duration of walking phases or kinetic parameters. Comparing results from the present study with those obtained by Alfonso-Rosa, Del Pozo-Cruz, Del Pozo-Cruz, Sanudo and Rogers [29] , both studies report excellent reliability. However, the ICC and %SEM from that study were 0.98 and 3.5%, respectively, whereas the present study reports an ICC of 0.927 and a %SEM of 4.52. Therefore, the reliability is slightly lower in this study, which may be linked to the greater heterogeneity of the sample in the current study. In this regard, it must be noted that the study by Alfonso-Rosa, Del Pozo-Cruz, Del Pozo-Cruz, Sanudo and Rogers [29] was conducted on 18 older adults with T2DM, while the current one was conducted with 56 adults aged 65.35 (8.56) years.
The current study reported not only the SEM but also the SRD, which is extremely relevant for clinicians and researchers since it indicates whether the differences obtained as a consequence of an intervention program could be considered clinically important [30] . A previous study in T2DM [29] established the SRD for the TUG at 9.8%, whereas in the present study the SRD was 12.55%. This difference could be also explained by the heterogeneity of the sample in the current study. In this regard, the results from the previous study were limited to older adults. Thus, those studies conducted with samples comprised of adults (but not limited older adults) had no information about the reliability and the minimal clinically important difference to interpret their results. Therefore, the current study was needed since it is the first to provide reliability information in a sample comprised of adults (not limited to older adults).
Test-retest analyses have been also reported in kinematic parameters, taking into account the heel and the forefoot forces during the TUG. The results revealed that the reliability of the heel and forefoot forces could be considered as excellent, so future studies can confidently use this as a measurement to evaluate gait patterns in T2DM patients. People with diabetic neuropathy often have balance problems while performing common activities such as walking or ascending/descending stairs [31] . Furthermore, the postural mechanisms at the ankle joints are impaired in diabetic neuropathy patients during quiet standing [32] . Thus, postural instability and gait imbalance in diabetic neuropathy may contribute to a high risk of fall incidence, especially in the geriatric population [7, 31] . Therefore, future studies should be focused on the implementation of interventions aimed to modify gait parameters to reduce the risk of falling in T2DM patients. The current study provides useful information in order to interpret changes achieved after a specific program, stating the minimal clinically relevant change for kinetic and kinematic variables.
The present study has two main limitations. First, although the sample size (n = 56) was sufficient to conduct this test-retest reliability analysis, the group with no alteration in the foot vibration threshold was comprised of only 12 people. The second limitation may be related to the inclusion criteria and the difficulty in determining that peripheral neuropathy is caused by diabetes. Even though the inclusion and exclusion criteria were very restrictive (excluding people with other diseases and people who were taking drugs that may potentially affect balance and gait), there could be other non-diagnosed diseases, environmental factors or healthy/unhealthy habits that may increase or reduce neuropathy. In spite of these two limitations, this study succeeded at reporting reliability parameters according to the severity of neuropathy in patients with T2DM.
Conclusions
The reliability of TUG was excellent for the whole sample and the groups with non-severe neuropathy. However, it was just good for the group with severe neuropathy. Regarding the kinetic and kinematic parameters, the reliability was good or excellent for almost every variable and group. The present study reports the minimal change that may be considered real (SRD) and the SEM, which should be considered by future studies aimed to assess the effects of interventions on different variables related to the TUG.
